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(54) Electromagnetic dust chamber pump 

(57) A pump comprises a piston or diaphragm 3 driven electromagnetlcally to pump fluid from opposed 
working chamber* 1,2, the piston or diaphragm having at least one tubular solenoid 4 with a former 18,17 
slidaWe on a stator shaft 8 passing through the piston or diaphragm. To minimize the leakage of fluid from one 
working chamber to another, the or each former is substantially elongated to extend beyond the ends of ita 
associated solenoid. Alternatively or additionally in the case of a piston pump each side of the piston is 
provided with a substantial skirt 24,26. At the end of each stroke tha former la received in a recess 20 or 22 and 
the sHits in recesses 2&30. In the embodiment shown the electromagnetic drive includes e pair of stator shafts 
8,9 connected by d.c. energised solenoids 10,11 and ax. energised solenoids 4.5 wound on the former 16,17 
and a former 18.19. 
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Improved Dual Chamber Olaplacement Pump 

Patent number GB2273133 describes the principles relating to a novel form of dual chamber 
displacement pump. The current patent application, by the same inventor descr&as improvements in 
the invention described in GB2273133. 

An essential feature of the inventive step descrfoed in this prior patent Is the mounting of a tubular 
linear motor runner on to the pump piston or diaphragm crown and the addition of a stator shaft whkdi 
penetrates the crown. 

Self lubrication can be achieved with the original invention by delfcerately allowing a aman fraction of 
the gas being pimped to flow between adjacent pumping chambers via small gaps between the 
runner and stator and in the case of the piston version of the pump between the piston and chamber 
walls. 

The invention to be descrbed achieves the same degree of self lutricaUon as the original invention 
but with reduced gas leakage between adjacent chambers. A second advantage of the new invention 
is that the piston or diaphragm crown has an improved self correcting mechanism ff 1 should move out 
of symmetrical alignment with the stator- 

These improvements are made by extending the length of the former on which the rurmet part of the 
motor is mourned and/or adding extended skirts at right angles to both faces of the piston crown. 

The pumps as claimed m the earBer patent wffl be described briefly by way of an example after whW 
the new inventive steps will be explained. 

The pumps may be used to shift any form of fMd including gases, Oquids, stories etc but to save 
repetition in the description, the pumped fluid wiD be referred to as a gas. It is to be understood tha in 
general the explanations in what foflows apply to pumping any form of n^er that has flow pro 
and are not necessarily restricted to gases. 

The prior art 

Rgure 1 shows a cross section, schematic tfagram of a piston version of the original invention. 
This example Is motivated by two tubular anear motors. 

1 and 2 are dual chambers ol the pump which are swept out bythepiston3. 4 and 5 are the runners 
which consist of solenoids carrying wc. currents. 6 and 7 are return springs which also act as current 
feed Ones to 4 and 5. 8 and 9 are soft ferromagnetic shafts which pass axtafiy through adenoids 4 and 
5. 10 and 1 1 are d.c. ctrrent carrying solenoids suTOtoiding soft magnetic cores which are 
connected to shafts 8 and 9 such that a complete loop of high magnetic permeabtty material finks 
the cores of the Ac solenoids and the a.c solenoids. 12 and 13 are entry valves, 14 and 15 are exit 
valves. 

All of the solenoids are inductively wound. The d.c. solenoids carry currents which flow such that they 
produce like magnetic poles facing each other. The ax. solenoids mounted on the piston crown carry 
currents which are in anti-phase with each other. This if the polarities are as shown in figue 1 the 
piston moves upwards, driving the gas out of the upper chamber. Simu&meousty fresh gas is ctawn 
into the lower chamber. When the a»c. current is reversed the piston is driven down such that fresh 
gas is drawn into the upper chamber and the accumulated gas is driven out of the towar chamber. A 
small fraction of the gas leaks through the gap between the runners and shafts and between the 
circumference of the crown and the chamber wails. This leaked gas acts as a lubricant 

The present invention 

The innovative steps claimed for the present invention will now be chained by way ol two examples. 
The first example wffl relate to piston versions of the pump and the second example to tfiaphragm 

versions. 

Figure 2 shows a schematic cross section of a piston pimp. 

Parts 1 to 15 on this diagram perform similar functions t parts 1 to 15in figure 1. 
1 and 2 are dual chambers of the pump which are swept out by the pistons. 4 and 5 are the runners 
which consist of solenoids carrying ax. cunems. 6 and 7 are return springs which also act as arrant 
feed tines to 4 and 5. 8 and 9 are soft ferrofnagnetic shafts which pass axiaDy through solenoids 4 and 
5. 1 0 and 11 are d.c. current carrying solen^dssttfTOunding soft magnetic cores which are 



eonneaedtoshaf»8and9suchthat a complete loop of high magnetic Pe"^^^^ 
feomd t£2£ solenoids and the ax. solenoids. 12 and 13 are entry valves, 14 and 15 are exit 



valves. 



is and 17 are extensions to the former on which solenoid 4 is wound. 18 and 19 are e«ensions to 
ZlSrZ mSSSSSJu 5 Is wound. The ^^<**° SXEtSSSSSSSl* 
2iN Sand 23 into which the crown solenoids and former ends ft at the end points of each stroke. 

The Distonhasatwo long <*inc«caJskto 

. k^, S^>r ar^taww rfambers 24arxJ25arepartsoftrteupper9kttand26and27arepartsof tw 

^he^wateof each chamber where they ^^J^J^^^^ST^^ 
cavfoesenwrripa^meen^ 28 and 29 are parts of the 

upper channel. 30 and 31 are parts of the tower channel. 

alright angjes to figure2so that only one shaft is vtsWe. Ha^Sbahorizc^crosssecttontaKen 
through the plane of the piston crown. 

Figure 3 shows the oteiredspatjaJrett^ 

Magnetic shaft, piston andchamber wals ail sharing acommon vertic£^rts^nrn*y hithfe 
S^Sttto d^ami * a ferromagnetic shaft. 2 is the piston crown. 3 ^/J^*^^** 
onert hestfemri* is mounted. (For clarity the solenoid is emitted.) 5 and Saw parts of thepteon 

7 arfTJelSrts rthSvertteal chamber wall. A amaS amount of t^ pumpado^ passeathty 
£tt S* EES- 7 and 5. 6 and 8. 3 and 1 . 1 and 4 The P^tea^^p^aimew^ 
ro^trVd^erencw^ 

figures 3. 4 and 6 only the leakage through thin ficttonaltarmnaemt*» 
considered. 

if the piston is currently travelling upwards the 
tne leaked gas to flow rtjwnwards. Tt^ 
LnVmTs^BOverwr^ 

bVinversery proportional to the length of the tube. Thus the ^^SSSSSSSSSS? 
extended skirts and an extended former is to reduce the «erto^leeJ<age between enarntwa. 

if lor exarr^tr* vertical ler^ from to 
tomWmeMoftheaown A 

between the central shaft and piston are ctxained by exterrfrig to 
l^e 4 srwws the same slnpBfied cto» 

„, r^drf p^ihh. nmi » unequal forces m the pump shifted the P*^** 0 **"* 8 - . „ M „. ln 

^^sl^honromai cross 

f^e 5. 1 is trie fJiston acm 2 and 3 tt» fenOT 

S^^of moves sideways from the symmetrlcaDy dspoeed f^V 8 ^^^^^^ 
asymmetrical coition sr^ 

to flow fromthecurrently decreasing parts of the gap to the corresponding currerrtybweas^pam 
Stog^D"^^ 

transferpeood the gas pressure in the narrowed part of the gap exceeds thai intjwlOBw gap ano me 

part of the gap is teas than in the idea, gap^ Co««^t^isa rwt 
stteways force during this period which opposes any J^^™ 
negatrvefeectoacktorcefeatunc^ 

<w2rt ttMir nrAssiffe Thus in the case cited above where the skirts increase the enecnve lengui of oie 

similar beneficiai effect is obtained by extending to length tf the former. 

Rom the point of view of an observer J^,^^^^^^^^^^^^^ 
(townwardsas the piston moves up. ^^f^^^^^^^^^^^^dl 
differ nee between the two charrtoers. Jheresitorn ^^^J^^^ JSaJv 
the gap closes there is a reduction in velocity in that section and a corresponding increase m vewcoy 
as a section of the gap increases. 

This can be summarised as: narrowed gaps cause a drop in velocity, widening gaps Increase velocity. 



Those with a knowledge of fluid dynamics will recognlsa a simiartty between this differentia) velocity 
gas flow and and the differential velocity air How betweentheupper lower surfaces of an aircrafl 
wing, in the case of the aircraft wing me resultant effect is an uplift force, for the pump the effect is a 
resultant force which has a negative feed back effect that tends to re-centrarse the piston. 

The difference in pressures caused by this phenomenon is only modest but for a given rate of gas 
flow the magnitude of the resultant negative feedback farce Is amplified by extending the lerwthof 
the former and piston skits. . 

Thus the second advantage of increasing the length of the former and of adding extended piston 
skirts is that these modifications iroease the stabiKy of the system oyhel^ 
piston, if it moves out of alignment, as It traverses the length of the dual chambers. 

Rgure 6 shows a sknpffled vertical cross section the pump ha situations 

of the piston in a vertical plane has undesirably occurred, in this Distance the path of easiest gas flow b 

shown by the downward pointing arrow which startsatthetopleft handsic^of thepi«on,fiwves 

round to the front of the piston and exits at the bottom right hand side of the piston. A sJmlar path of 

least resistance exists to the rear of the piston. A consideration of the pressures and forces involved 

similar to that argued for fip^res 4 and 5 indicates that t^ 

flows create a restoring couple which ten* to realign trie piston paralei to tto 

walls. 

Referring back to figure Z As the piston moves towards the end of its upward stroke the upper piston 
skirt and extensions to the formers move into the cwesp<^ing cavities in the upp^ half the pumo 
chamber, if the cavities allow a snug fit then gas win be trapped in tlw cav^ anj ccnwassed. TlS 
trapped gas is in a dead space and does not flow out of the pump during the current stroke. This mav 
ormay not be a desirable effect depending on the partfcular demands made on a pumtaTa specific 
appiicatioa It may be benefidai for exempt 

compressed gas in the cavities as a supplement or replacement for return springs which may 
otherwise be needed to abaon^ 

a ^fi?!^ variable which may be called upon if ferromagrvBttereturn springs produce*^ 
compscatiom in the shape of tiie essen^ 

Fk^e 7 shows a variation in the design of the pistm 

efminatesthedead space iproMmM and2arecra8s»ectiom^ 3 and 4 are 

cross sections o! pans of the lower sWrt 5and6arecrc«8secti«Bof the uppa^ 
andSaaasectkxBoftheioww 

arrangeme*a8owsc^irisktea(»^ 

Otnerwtee the pump, in this spedfic example, works in the same man^as^ pistonve^kxT 
descrttxxJ above. Leakage between chamoere is rx» restricted to 
me »8ttttors and wnners. Leakage reduction and diaptvag* crown a« 
w*h this version of trie purrp by e^ 

in thea^pies deserved at»ve tt>e burden 
c^. Thsbi^ has been minimised by the choto 

equipping the diaphragm or piston crown with extended piston skirts and/a extended length 
soienoid formers. 

As a precautionary measure, to 

co»ng one or or bc«h of ariy o« the pairs of sBdir^ 

recant, for example using a solid lubricant based on p.if.e. Experts with a knowledge of rnodern 
lubrcams wifi be aware of the choice of suitable soBd lubricants available. 

Uj*j°J>e understood that the scope of the current invention is not Omfted to the type of iinear motor 
described so far but tha me lm^^ 

referred to in patent number GB2273133 and to linear motors in general, it is extended 10 include 
linear motors which include different combinations and txxmutatJons of d.c cwem carryta 
eieoroinagnets. a.c. current carrying electromagnets and permanent magnets. It is also extended to 
I^IJ^!^ a ^ wt ** ae <»™nonV described in the literature, "as resembling normal rotating 
y^**™* JJf teve been cut and opened out flat." it is also extended to Include linear motors where 
trie stater through the centre of the piston or diaphragm crown is used solely to centralise the crown 



The scope of the current invention is also extended to Inc^aHo* the types <rf dual chamber pumps 
referred to in patent number GB2273133. 

The scope of the current invention is extended to include at least 

Q ai) dual chamber displacement pumps which offer two contributing volumes, one 0" side 
of the piston crown and include one or more motors with the movable part or runner of each 
motor being rrunirtedcritrte crown of the piston a diaphragm and the stator taking the form 
of a shaft which passes through the runner at rigM angles to the crown. 

§) Versions of the pump in which springs are used to control the cut-off pressure. 

i) Dual chaniberrjun^wttc* are Wern^ 
from the fluids being pumped. 

«v) Dual chamber pumpe which are internally coated or painted in order to reduce resistance to 
flow ol the fluid being pumped. 

v) Duai chamber pumps which include eiectromagnets that can be tuned by the end user to 
optimize pumping performance. 

vi) Dual chamber pumps which include heating elements to reduce the viscosity of fluids being 
pumped. 

vfi) Cascaded versions of the pump in which two or more of ttwdiialchante pumps aemtfined 
in the previous paraaraph are connected in series. As explained in GB22731 33 typical pumps 
of this type would have successive pairs of chambers having decreasing swept out volumes If 
the pumped fluid takes the form of a compressible gas or vapour. 

via) Peristaltic versions of the diaphragm dual chamber pump. 

M vaawm Dumping verskw of the purrtpvm^ 

envirorvnent to prevent excessive buftd up of pressure inside cascaded versions of the 
vacuum pump in the earty stages of evacuation. 

x) Vacuum pumping versions which Include one or more sets of etectrOTagnetteaJty operated 
irriet and/or outlet valves to alow the pump to operate at very low pressures. 

xi) Fruid mixing vers^ erf trie punip which have two 

be input and inctude flow control mechanisms to atow the two fUflds to be mixed m caterer* 
controllable proportions. 

xu) Versions of the pump which can have their cavsy sizes varied to alow them to operate at their 
resonance volume for a given frequency of pump strokes. 

job) Versions of the pump which include boots or bellows to prevent leakage of fluid between 
adjacent chambers. 

»v) Versions of the pump In which the valves can be 

pumping to be reversed so that what In the first insuuice was the Wet port ct the pump now 
becomes the outlet port. 

xv) Versions of the pump which include mechanisms which detect the rate of flow of the fluid ^ 
and/or exit fluid pressure and increase the rate of pumping if necessary to alow for aging or 
the pump. 

xvT) Versions of the pump in which some of the coils at least, which produce tf» wsemtel 
magnetic fields required for pump operation are immersed in a cooling fluid which coot the 
coils to a sufficiently tow temperature that the co2s operate as superconductors. 

xvO) Stirling cycle refrigerators which include pumps of the type claimed In this application. 
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CLAIMS 

A dual chamber displacement pimp which offers two contributing pumping volumes, one on 
each side of the osdBating diaphragm a p&^ 

or diaphragm being at least one tubular &near motor with the stators of the motors taking the 
form of shafts which pass through the centres of the runners and crown, with the formers on 
which the runners are mounted extending an appreciable distance beyond the crown and/or 
me piston having skirts which extend an appreciable distance beyond the crown su^ 
extended formers andtor piston skirts contribute a measurable effect Sn reducing the amount 
of fluid which leaks between the dual chambers 9 the piston vtfaplv^ has a loose sfidftg 
fit. 

A pump as for claim 1 with the ends of the chambers having recesses 

accommodate the extensions to the former (s) and/or piston skirts at the end of each stroke. 

A pump as for claim 2 but with the farmer on which each crown solenoid is mounted havtag 
tapered walls of a diminishing thickness towards its ends and the associated recesses in the 
chamber end waf is also tapering in a e ^^ iwua ry manner inside the recesses so as to atow 
the former tote driven fuflytmo a c ot^ 

stroke without trapping a significant amount of the pumped fluid inside the recess. 

A punp as for claims 2 or 3 but with the piston skirts having waBs of a dtatinishing thickness 
towards their free ends and the associated recesses h the chamber end wafe also tapolng in 
a complimentary manner toidetherecessessoastoalowasMntobecmnh^intoa 
complimentary recess at the end of the piston stroke without trapping a significamamourtt of 
the pumped fluid inside the recess. 

A punp as for any of the above claims wtth the stator shaft or shafts inducfrig or being made 
from ferromagnetic material. 

A pump as fa any dthe above claims in which 

a magnetic flux, with the flux being generated by one or more pennanent or electromagnets 
coupled to the shaft. 

A pump as in daim 6 with the magnetic flux created in the stator being atemating in natue. 

A punp as in any of the above claims, the runner induct one or more pem 

A pump as in any of the above claims, the runner inducing electromagnets carrying direct 
currents. 

A pump as h any of claims 1-8, the runner including electromacpiets carrying atternafing 
currents. 

^p*np 3s any of the above claims which is lubricated, hi part at least, by a small fraction of 
thai pumped fluid acting as a lubricam between the rurmer and stat* art 
skirt and the adjacent chamber waBs. 

A pump as in any of the above claims which uses elastic co mp o n ents such as return springs to 
control the cut-off pressure. 

A pump as in any of the above daims which tncftjdes a ftextrfe boot to prevent fluid flow 
between chambers via the space between the stator and runner. 

A punp as In any of the above claims and having inlet and outlet valves having roles wWch can 
be remotely changed so as to reverse the direction of fluid flow. 

Apump as In any of the above claims in which a 

existing circuit components to produce a heating affect with the Mention of heating the fluid 
being pumped. 

A pump as In any cf the above daims which has sane a all d the sufaces In sBefira contact 
coated with solid lubricant. 



17 A Dump as in any of the above claims which has some or all of the internal components palmed 
or aherwee surface treated in order to prevent corrosion and/ or aid the ftow of fluid. 

18 ApanpashanyattoabovectajrnswN^ 
or diaphragm. 

19 a purra as in any of the above claims wh»^ _ 
SSn^are separaied by a flexible diaphragm motivated by two or more tubular finear motors 
which ooeraie out of phase such that during each cycle the shape of a chamber becomes 
constricted at the IrtovaJve end aitf 

towards the exit valve end of the pump, this state being followed by an equivalent phased 
expansion. 

20 Apuntpasinanyoftheaxwcia^ 

syntonised to open and close at the necessary stao^ofthejR«i^cydeinorderto 
allow the pump to operate with gr eater efficiency ai low purnpadflud pre 

21 Apumpaslnanyoflheabovec^whW 

direaly to the local environment when a pre-set pressure inside the chamber Is exceeded. 

22 a purnp as in any d the above claims v/hichw 
positions of the electromagnets. 

23 a pijmp as in any of the above claims which 
electromagnet currents. 

24 A pump as in any of the above claims which include sensors for detecting magnetic field 
strength or rate of change of field strength. 

25 ApumpasinaiiyoftheabovecialniswWch 

sVSSh or rate cringe of field strength and ^J^^^^^^^ 
to correct itself » unequal faces or aging cause inefficient operation or malfunction of the 

pump. 

26 Atxanpaslnanycltheabcwdaimswhtt 

efficiency of the pump. 

27 Aoumpasinawoftlwabovecia*nsfnwhic* 
minimise the volume of dead space inside each chamber. 

28 a punp ash any of the above Claris in which rw^ 
respective chambers through two adjacent Inlet ports. 

29 A pump as in any of the above claims (n which two different fMds ha t v ® ^p^ 8 ® |° 
respective chambers and which includes a mechanism for aRerirg tne^ela^piBT^ 
fxeSures of the two chambers in order to alow me fluids to be mixed mdifferert proportions 
after e m er ge nce from the pump. 

30 A pump as in any of the above claims which is used to displace the wcn^ gas In a reverse 
Stirling refrigerator. 

31 A pump as in any of the above claim which includes some ^ 
comtwnentsatle^coo 

as a superconductor. 

32 A pump assembly comprising at least two 

in series with successive pump chambers having progressively smaller volumes. 

33 A pump substantially as descrtoed or Illustrated in this patent application. 
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Amendmen^po the claims nave been fffl d m f^p*s 

A dual chamber displacement pump which offers two contributing pumping volumes one on 
e^J^tftooscil!^ diaphragm or piston crown wRhm^^wdn^melto 

SSfJStSSXST thf ^ h of the runners and ™ owr? L^fiSn " 

£22 ffJ^^SSfL!^?^ 80 ^ reciabto ***** beyond the crZaX 
2j5^££i2? "2? y.gy^te d&tance beyond the crown such mat the 
^^hS^L^^P^IS" ^ a 5 ""*** a measurable effect in reducing the amount 
of fluid which leaks between the dual chambers if the piston or diaphragm ha?a toase sWng 

A pump according to claim 1 with the ends of the chambers having recesses or cavities whfeh 
accommodate the extensions to the f ornerfs) and/or piston sldro atm?e* % SdKT 

Ajpump a^ing to claim 2 but wlm the fOmw 
^b^waBsofadlmlnishing 

v*™* 5 tapering in a complmentary rnwneTtekte foanSSS^^to 

diaphragm stroke witnoutrap^ 

Apunp according todarms 2 or 3 but with the pistonskttshavirigwaJbof admsMia 

Ajwnpaccortfng tocteim 6 wim trie m 
A^accordTng to aiiy of me 

affia??^ 

A pump according to any of the above ciabns which is lubricated, in cart at least bv a smai 



18 £^22£W v *^'^'^*^* ,m ^**™*i«*&<*^ 



1 17 A pump according to arty of t^febove claims which has some or all of th^^Ltial components 
painted or otherwise surface treated tn order to prevent corrosion and/ or aid the flow of fluid. 

1 8 A pump according to any of the above claims which has a pfurafty of linear motors driving the 
piston or diaphragm. 

19 A pump according to any of the above claims which is simaar to a peristaltic punp in that the 
dual chambers are separated by a fiexbJe diaphragm motivated by two or more tubul^ 
motors which operate out of phase such thai during each cycle the shape of a chamber 
becomes constricted at the inlet valve end and the constriction then becomes more general, 
travelling towards the exit valve end of the pump, this state bring followed by an equivalent 
phased expansion. 

20 A pump according to any of the above claims which has electromagnetfcagy operated valves 
which are synchronised to open and close at the necessary stages of the pumping cycle in 
order to allow the pump to operate with greater efficiency at low pumped fluid pressures. 

21 A pump according to any of the above claims which includes side valves which tflow fluid to 
escape directly to the local environment when a preset pressure inside the chamber is 
exceeded. 

22 A pump according to any of the above claims which can be tuned or adjusted by means of 
altering the positions of the electromagnets. 

23 A pump according to any of the above claims which can be tured or adjusted by means of 
altering the electromagnet currents. 

24 A pump according to any of the above claims which Inctode sensors for detec tin g magnetic 
fiekJ strength or rate of charge of field strength. 

25 A pump according to any of the above claims which include sensors for detecting may*etic 
field strength or rate of change of field strength and feed back mechanisms which aBow the 
pump to correct itself if unequal forces or aging cause inefficient operation or malfunction of 
the pump. 

26 A purrv according to any of the above claims which ftciudes chancers with movable walls that 
can be tuned mechanically or automatically In response to feecfeacK signals in order to 
increase the efficiency of the pump. 

27 A pump according to any of the above claims in which the containing watts of the punp are 
shaped to match with the shape of the piston or tfia^ragmlnthernaximtfndispfiswrtposftlon 
in order to minimise the volume of dead space inside each chamber. 

28 A pump according to any of the above claims in which two different fluids have access to the 
respective chambers through two adjacent inlet ports. 

29 A pump according to clafcn 28 In which two different fluids have access to the respective 
chambers and which includes a mechanism for altering the relative pumping pressues of the 
two chambers in order to aBow the fluids to be mixed in different proportions after emer ge nce 
from the pump. 

30 A pump according to any of the above claims which is used to displace the working gas in a 
reverse Stirling refrigerator. 

3 1 A pump according to any of the above claims which includes some of the electrically 
conducting components at least cooled to a sufficiently low temperature that the conducting 
material acts as a stperconductor. 

32 A pump assembly cornprisbig at least two pumps accorcSng to any of the above claims 
connected in series with successive dual pump chambers having progressively smaller 
volumes. 

33 A pump substantially as descrbed or Illustrated in this patent application. 
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